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(54) Gas sensor 

(57) To provide a gas sensor featuring lower sus- 
ceptibility of a sensor element to mechanical shock or 
thermal stress induced by different rates of contraction 
between a sealing-material layer and an adjacent com- 
ponent element, as well as excellent durability. 

A gas sensor 1 includes an outer cylinder 18, a 
metallic shell 3, and a sensor element 2. The metallic 
shell 3 is disposed inside the outer cylinder 1 8. The sen- 
sor element 2 is disposed in a through-hole 30 formed in 
the metallic shell 3 and is adapted to detect a compo- 
nent of a gas to be measured. A sealing-material layer 
32 is mainly made of glass and is disposed between the 
outer surface of the sensor element 2 and the inner sur- 
face of the metallic shell 3 or between the outer surface 
of the sensor element 2 and the inner surface of an 
insulator 4 disposed between the metallic shell. 3 and 
the sensor element 2. Cushion layer 33 and 34 are each 
made of a porous inorganic substance. At least either 
the cushion layer 33 or 34 is disposed so as to abut one 
end of the sealing-material layer 32. 
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Description 

[0001] The present invention relates to a gas sensor 
for detecting a component of a gas to be measured 
(hereinafter referred to as a measurement gas), such as 
an oxygen sensor, an HC sensor, an NOx sensor, or a 
tike sensor. 

[0002] Conventionally, there has been known a gas 
sensor composed of an outer cylinder, a metallic shell 
disposed inside the outer cylinder, and a sensor ele- 
ment disposed inside the metallic shell for detecting a 
component of a measurement gas. In a gas sensor hav- 
ing such a structure, a gap between the outer surface of 
the sensor element and the inner surface of the metallic 
shell or that between the outer surface of the sensor 
element and the inner surface of an insulator disposed 
between the metallic shell and the sensor element is 
generally filled with a sealing- material !ayer v as of glass. 
[0003] For example, an oxygen sensor for automobile 
use is often mounted in an exhaust manifold or an 
exhaust pipe located near a suspension system and 
tires. In this case, a stone flipped from a tire may hit the 
sensor so that a mechanical shock acts on the sensor, 
or the sensor may be subjected to a strong thermal 
shock caused by splashing of water during exposure to 
high temperature. Further, the sensor element of the 
sensor has a coefficient of thermal expansion smaller 
than that of the sealing-material layer. Therefore, in a 
glass sealing step, the sensor element receives a radial 
compressive force due to a thermal history (heat- 
ing/cooling), so that stress concentration occurs in a 
boundary region between a portion of the sensor ele- 
ment covered with the sealing-material layer and an 
uncovered portion. If a mechanical shock caused by a 
flipped stone or the like or a thermal shock caused by 
splashing of water acts on the sensor in such a state, a 
resultant stress acts at a boundary region (hereinafter 
referred to as "sealing boundary portion") between the 
portion of the sensor element covered with the sealing- 
material layer and the uncovered portion, so that the 
sensor element is easily broken. 

[0004] An object of the present invention is to provide 
a gas sensor in which stress caused by application of a 
mechanical or thermal shock on the sensor does not 
concentrate at the sealing boundary portion and which 
therefore has excellent durability. 
[0005] To achieve the above object, a gas sensor of 
the present invention comprises an outer cylinder, a 
metallic shell, a sensor element, a sealing-material 
layer, and a cushion layer. The metallic shell is joined to 
the outer cylinder. The sensor element is disposed 
inside the metallic shell and is adapted to detect a com- 
ponent of a measurement gas. The sealing-material 
layer is mainly made of glass and is disposed between 
the outer surface of the sensor element and the inner 
surface of the metallic shell or between the outer sur- 
face of the sensor element and the inner surface of an 
insulator disposed between the metallic shell and the 



sensor element. The cushion layer is made of a porous 
inorganic substance and is disposed on at least one 
side of the sealing-material layer with respect to the 
axial direction of the sensor element 

5 [0006] The above-described structure of the gas sen- 
sor of the present invention prevents local application of 
a strong bending stress onto the sealing boundary por- 
tion, which would otherwise occur when mechanical or 
thermal shock acts on the sensor element. 

10 [0007] The invention will be further described by way 
of example with reference to the accompanying draw- 
ings, in which:- 

Figure 1 is a longitudinal sectional view of an oxy- 
is gen sensor illustrating a gas sensor of an embodi- 
ment of the present invention; 
Figure 2 is an explanatory view showing the struc- 
ture of a ceramic element serving as a sensor ele- 
ment of the gas sensor of FIG. 1 ; 
20 Figure 3 is an explanatory view showing the action 
of a cushion layer; 

Figure 4 is an explanatory view illustrating a proc- 
ess for manufacturing the oxygen sensor of FIG. 1 ; 
Figure 5 is an explanatory view continued from FIG. 
25 4; 

Figure 6 is a longitudinal sectional view showing a 
modification of the oxygen sensor of FIG. 1 ; and 
Figure 7 is a longitudinal sectional view showing a 
modification of the annular groove formed in the 
30 metallic shell. 

[0008] Embodiments of the present invention will next 

be described with reference to drawings. 

[0009] FIG. t shows an embodiment of a gas sensor 

35 of the present invention. An oxygen sensor 1 is adapted 
to detect the concentration of oxygen contained in an 
exhaust gas emitted from an automobile or a like appa- 
ratus. The oxygen sensor 1 includes an elongated 
ceramic element 2 (sensor element). The tip of the 

40 ceramic element 2 is exposed to high-temperature 
exhaust gas flowing through an exhaust pipe. 
[0010] The ceramic element 2 is an elongated sheet 
having a rectangular section. As shown in FIG. 2, the 
ceramic element 2 is a laminate of an oxygen concen- 

45 tration cell element 2a and a heater 2b. The oxygen 
concentration cell element 2a has an elongated sheet 
form. The heater 2b also has an elongated sheet form 
and is adapted to heat the oxygen concentration cell 
element 2a to a predetermined activation temperature. 

so The oxygen concentration cell element 2a is made of an 
oxygen-ion conductive solid electrolyte 21. A typical 
example of such a solid electrolyte 21 is Zr02 obtained 
through solid solution of Y 2 0 3 or CaO. Alternatively, a 
solid solution of Zr0 2 and an oxide of an alkali earth 

55 metal or rare earth metal may be used. The heater 2b is 
a known ceramic heater composed of a ceramic sub- 
strate 22 and a resistance-heating pattern 23. The 
resistance-heating pattern 23 is made of a high-melting- 
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point metal and is embedded in the ceramic substrate 
22. 

[001 1 ] As shown in FIG. 1 , the ceramic element 2 hav- 
ing the above structure is inserted through a through- 
hole 30 of an insulator 4 disposed inside the metallic 5 
shell 3 and is fixed to the insulator 4. A cavity 31 is 
formed in the insulator 4 such that one end of the cavity 
31 communicates with the rear end of the through-hole 
30, and the other end of the cavity 31 opens at the rear 
end surface of the insulator 4. The cavity 31 has a diam- io 
eter larger than that of the through-hole 30. A space 
which is defined by the outer surface of the ceramic ele- 
ment 2 and the inner surface of the insulator 4 which 
defines the cavity 31 is filled for sealing purpose with a 
sealing-material layer 32. The sealing-material layer 32 is 
is mainly made of glass (for example, crystallized zinc 
silica boric -acid glass; softening temperature 684°C). 
[0012] Within the cavity 31 , cushion layers 33 and 34 
are formed on opposite sides of the sealing-material 
layer 32. The cushion layers 33 and 34 are made of a 20 
porous inorganic substance. The porous inorganic sub- 
stance for the cushion layer 34 includes filler particles 
and binder particles. The filler particles are superior in 
heat resistance to glass contained in the sealing-mate- 
rial layer 32. The binder particles partially fill gaps 25 
among the filler particles and have a softening tempera- 
ture lower than that of the filler particles. For example, 
the fBler particles are oxide particles formed mainly of 
Al 2 0 3 . and the binder particles are clay particles. 
[001 3] The clay particles may be mainly composed of 30 
hydrous alumi no-silicate. For example, the clay particles 
may be mainly composed two or more clay minerals (or 
their composite substances) selected from the group 
consisting of aiiophane, imogolite. hisingerite. smec- 
tites, kaolinite, halloysite, montmorillonite. illite, ver- 35 
miculite, and dolomite. From the point of view of oxide 
components, the clay particles may contain Si0 2 and 
Al 2 0 3 and, as needed, may further contain singly or in 
combination Fe 2 0 3 . Ti0 2 , CaO, MgO, Na 2 O t and K 2 0. 
For example, in the present embodiment, the clay parti- 40 
cles contain 84% by weight Al 2 0 3 and 10% by weight 
Si0 2 as oxides and kaolinite and dolomite in appropri- 
ate amounts. 

[0014] The tip end of the cavity 31 of the insulator 4 
tapers down in order to form a reduced-diameter portion 45 
31a. Similarly, the tip end of the cushion layer 34 also 
tapers down according to the reduced -diameter portion 
31a, thereby forming a reduced-diameter portion 34a. 
[001 5] The cushion layer 33 is formed of talc particles 
and crystallized glass having a softening temperature so 
slightly lower than that of glass contained in the sealing- 
material layer 32 (e.g.. crystallized zinc silica boric-acid 
glass; softening temperature 680°C). 
[0016] The above-mentioned sealed structure of the 
ceramic element 2 and the insulator 4 is manufactured ss 
in the following manner, for example. First, a material 
powder compact for forming the cushion layer 34 is 
manufactured. In the present embodiment. Al 2 0 3 pow- 



der serving as the filter particles and clay powder serv- 
ing as the binder particles are mixed. The resulting 
mixture is pressed into a powder compact 50 shown in 
FIG. 4(a). The powder compact 50 has a through-hole 
50b formed in a central portion thereof and in the axial 
direction thereof. The circumferential surface of the tip 
end of the powder compact 50 tapers down to form a 
tapered surface 50a corresponding to the reduced- 
diameter portion 31a of the cavity 31 of the insulator 4. 
[001 7] Next the ceramic element 2 is inserted through 
the through-hole 50b formed in the powder compact 50. 
Then, the ceramic element 2 is inserted from its tip 
through the through-hole 30 formed in the insulator 4. 
The powder compact 50 is placed in the cavity 31 
formed in the insulator 4 and is lightly pressed against 
the insulator 4 in the axial direction of the ceramic ele- 
ment 2. In this case, as shown in FIG. 4(b). the tapered 
surface 50a of the powder compact 50 is pressed 
against and in close contact with the reduced<Jiameter 
portion 31a of the cavity 31. Accordingly, the tapered 
portion of the powder compact 50 is subjected to a 
radial reaction effected by the reduced-diameter portion 
31a and presses the outer surface of the ceramic ele- 
ment 2. Next, as shown in FIG. 4(c). an inorganic mate- 
rial powder which is mainly composed of glass is formed 
into a cylindrical shape, yielding a powder compact 51. 
The powder compact 51 is fitted onto the ceramic ele- 
ment 2 from the rear end of the ceramic element 2 in 
such a manner that the ceramic element 2 is inserted 
through a through-hole 51a formed in the powder com- 
pact 51. Thus, the powder compact 51 is placed in the 
cavity 31 adjacent to the powder compact 50, thereby 
obtaining an insulator-sensor-element assembly 60. 
[0018] The insulator-sensor-element assembly 60 is 
heated to 850°C. As a result, the powder compact 51 
becomes the sealing-material layer 32 through fusion of 
the inorganic material powder which is mainly com- 
posed of glass, thereby sealing the ceramic element 2 
against the insulator 4. The powder compact 50 
becomes the cushion layer 34 as shown in FIG. 4(d) 
through fusion of the clay powder while Al 2 0 3 particles 
are dispersed. 

[0019] Next as shown in FIG. 5(a), a material powder 
52 (in the present embodiment, a mixed powder of talc 
and crystallized zinc silica boric-acid glass) for the cush- 
ion layer 33 is filled into a space between the ceramic 
element 2 and the insulator 4 at a rear portion of the 
cavity 31. The charged material powder 52 is lightly 
pressed. Subsequently, the insulator-sensor-element 
assembly 60 is again heated to 800°C. As a result, as 
shown in FIG. 5(b), the charged material powder 52 
becomes the cushion layer 33 through fusion of the 
crystallized glass powder. In place of directly filling the 
material powder 52 into the cavity 31 . the material pow- 
der 52 may be pressed into a compact, which is then 
placed in the cavity 31 . 

[0020] Next, as shown in FIG. 1, a talc ring 36 and a 
caulking ring 37 are fitted between the insulator 4 and 
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the metallic shell 3. The rear-end portion of the metallic 
shell 3 is caulked toward the insulator 4 via the caulking 
ring 37 to thereby fix the insulator 4 and the metallic 
shell 3. Double protection covers 6a and 6b of metal are 
fixedly attached to the tip portion of the metallic shell 3 
through laser welding or resistance welding (for exam- 
ple, spot welding) in such a manner as to cover a pro- 
jected portion of the ceramic element 2. A rear end 
portion of the metallic shell 3 is fitted into a tip end por- 
tion of an outer cylinder 18. At the f itted overlap of the 
metallic shell 3 and the outer cylinder 18, the metallic 
shell 3 and the outer cylinder 18 are circumferential ly 
welded together (for example, through laser welding). At 
the fitted overlap, the metallic shell 3 and the outer cyl- 
inder 18 may be connected through circumferential 
caulking in place of laser welding. 
[0021] The oxygen sensor 1 is often attached to an 
exhaust manifold or an exhaust pipe located near a sus- 
pension system and tires of a vehicle. In this case, a 
flipped stone or the like may hit the sensor, or the sen- 
sor may be subjected to a strong thermal shock caused 
by splashing of water during exposure to high tempera- 
ture. According to the configuration of a conventional 
oxygen sensor, as shown in FIG. 3(a), the cavity 31 
formed in the insulator 4 is merely filled with the sealing- 
material layer 32 which is mainly composed of glass. 
For example, when a bending stress is applied to the 
ceramic element 2 due to a shock caused by a flipped 
stone or thermal shock, stress concentration tends to 
occur in a boundary region between a portion of the 
ceramic element 2 covered with the sealing-material 
layer 32 and an uncovered portion in the axial direction 
of the ceramic element 2, causing a potential breakage 
of the ceramic element 2. 

[0022] By contrast, according to the above-described 
configuration of the oxygen sensor 1 of the present 
invention, as shown in FIG. 3(b), the cushion layers 33 
and 34 made of a porous inorganic substance are dis- 
posed on opposite sides of the sealing-material layer 32 
with respect to the axial direction of the ceramic element 
2. Accordingly, even when the force of a mechanical or 
thermal shock acts on the ceramic element 2, stress 
concentration is less likely to occur in the above-men- 
tioned boundary region, so that breakage of the ceramic 
element 2 hardly occurs. In this case, since the cushion 
layers 33 and 34 support the portions of the ceramic 
element 2 which are not covered with the sealing-mate- 
rial layer 32, stress can be dispersed which would other- 
wise concentrate at the sealing boundary portion. 
[0023] When only a weak mechanical impact force 
acts on the sensor 1 . the rear-end side cushion layer 33 
may be omitted. 

[0024] FIGS. 6(a) and 6(b) show the oxygen sensor 1 
which is not equipped with the insulator 4. In FIGS. 6(a) 
and 6(b). the sealing-material layer 32 and the cushion 
layer 34 are provided within the cavity 31 formed in the 
metallic shell 3 and are located between the surface of 
the cavity 31 and the outer surface of the ceramic ele- 



ment 2. An annular groove 43 that surrounds the seal- 
ing-material layer 32 is formed in the metallic shell 3 by ' 
cutting out a portion of the metallic shell 3 and is located 
between the surface of the cavity 31 and the inner sur- 

s face of the outer cylinder 1 8. A bottom 43a of the groove 
43 is located beyond the sealing-material layer 32 
toward the tip of the ceramic element 2 with respect to 
the axial direction of the ceramic element 2. 
[0025] The annular groove 43 may be formed in a 

10 manner as shown in FIG. 7. That is, the rear end portion 
of the metallic shell 3 is fitted into the outer cylinder 18. 
An annular cutout 43b is formed, and the groove 43 is 
defined by the outer cylinder 18 and the cutout 43b (in 
place of the cutout 43b, groove-shaped depressions 

is may be formed at predetermined intervals in the circum- 
ferential direction). The metallic shell 3 and the outer 
cylinder 18 are connected through a welding portion 35 
(or caulking portion) formed along the circumferential 
direction. This configuration is effective in the case 

20 where the thin-walled portion 3f of the metallic shell 3 in 
which the annular groove 43 is to be formed has a rela- 
tively small thickness t. 

[0026] When cushion layers are disposed at opposite 
ends of the sealing-material layer 32 as shown in FIG. 1 , 

25 it becomes possible to alleviate stress concentration 
which would otherwise occur in the sensor element 2 at 
opposite ends of the sealing-material layer 32, thereby 
further improving the durability of the sensor element 2. 
In this case, the cushion layers 33 and 34 may be of drf- 

30 ferent materials or of the same material. 

[0027] As shown in FIG. 1, the sensor element 2 has 
an elongated shape with a sensing portion D formed at 
a tip end thereof and is inserted through the metallic 
shell 3 such that the sensing portion D projects there- 

35 from. In this case, the cushion layer 34 which is in con- 
tact with the end of the sealing-material layer 32 located 
closer to the tip of the sensor element 2 contains filler 
particles which are superior in heat resistance to glass 
contained in the sealing-material layer 32. as well as 

40 binder particles which partially fill gaps among filler par- 
ticles, are superior in heat resistance to glass contained 
in the sealing-material layer, and are lower in softening 
temperature than the filler particles. 
[0028] Specifically, the cushion layer 34 is more sus- 

45 ceptible to high temperature than is the sealing-material 
layer 32. Therefore, in the cushion layer 34, the filler 
particles, which are superior in heat resistance to glass 
contained in the sealing-material layer 32, are bonded 
by the binder particles, which are lower in' softening 

so temperature than the filler particles but are superior in 
heat resistance to glass contained in the sealing-mate- 
rial layer. Accordingly, sufficient heat resistance is 
attained. In this case, the filler particles may be formed 
mainly of AI2O3 or talc, and are preferably formed 

55 mainly of Al 2 0 3 in view of its excellent heat resistance. 
The binder particles are preferably of clay, for example, 
since clay particles can fuse together at a temperature 
of forming the sealing-material layer 32 (a sealing tem- 
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perature). 

[0029] The cushion layer 34 is provided for the pur- 
pose of uniformly pressing the outer surface of the sen- 
sor element 2 to thereby prevent stress concentration in 
the sensor element at the sealing boundary portion. 
However, the employment of the cushion layer 34 
causes a problem when the cushion layer 34 is formed 
by a process in which the sensor element 2 is inserted 
into a cavity 31 formed in the metallic shell 3 or the insu- 
lator 4, a material power for forming the cushion layer 34 
(or powder compact) is placed in the cavity 31 and 
pressed, and the material powder is then heated to a 
predetermined sealing temperature. That is, when the 
cushion layer 34 is formed in the above-described man- 
ner, the filling density of the cushion layer 34 is 
increased through application of a downward pressing 
force. However, the pressing force is not transmitted uni- 
formly to the outer surface of the sensor element 2, 
because pressure is not uniformly transmitted within 
powder, unlike the case of fluid. In order to solve this 
problem, the configuration in which the sensor element 
2 is inserted through the metallic shell 3 such that the 
sensing portion D projects therefrom and that the cush- 
ion layer 34 is disposed in contact with the end of the 
sealing-material layer 32 located closer to the sensing 
portion Dis improved as shown in FIG. 1. Specifically, 
the cavity 31 is formed such that the diameter at the 
front-end side with respect to the axial direction of the 
sensor element 2 (hereinafter simply referred to as the 
front-end side) is smaller than that at the rear-end side 
with respect to the axial direction of the sensor element 
2 (hereinafter simply referred to as the rear-end side), 
f By virtue of this structure, the filling density of the mate- 
rial powder at a smaller-diameter portion of the cavity 
31 can be increased when the material powder is filled 
into the cavity 31 . and a pressure is applied to the upper 
portion of the powder layer. Therefore, the pressing 
force that the cushion layer 34 applies to the outer sur- 
face of the sensor element 2 can be made uniform to a 
considerable degree. 

[0030] The above gas sensor 1 of the present inven- 
tion may assume the following configuration. Specifi- 
cally, as shown in FIG. 6. an annular groove 43 that 
surrounds the sealing-material layer 32 is formed in the 
metallic shell 3 by cutting out a portion of the metallic 
shell 3. The annular groove 43 is located between the 
inner surface of the outer cylinder and the surface of the 
cavity 31 of the metallic shell 3. through which the sen- 
sor element 2 is passed. 

[0031 ] In the above configuration, when the sensor 1 
is in a heated state and water is splashed thereon, thus 
causing an abrupt temperature variation, the annutar 
groove 43 serves as a heat-insulating layer. Also, when 
the sensor is subjected to a mechanical impulsive force 
caused by impinging foreign matter such as a pebble, a 
portion of the outer cylinder or a portion of the metallic 
shell which serves as an outer wall portion defining the 
annular groove 43 acts as a cushion for absorbing the 
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mechanical impulsive force. Therefore, the annular 
groove 43 mitigates the thermal or mechanical shock 
acting on the sealing-material layer 32. so that the effect 
of the present invention can be enhanced. 
[0032] In the above embodiments, the gas sensor 
assumes the configuration of X sensor, which employs 
only an oxygen concentration cell element as a sensor 
element (ceramic element). However, the sensor ele- 
ment may be of a different type, such as a full-range 
oxygen sensor element or an NOx sensor element 

1 : oxygen sensor (gas sensor) 

2, 60,70: cerarmic sensor (sensor element) 

3: metallic shell 

4: insulator 

18: outer cylinder 

30: through-hole 

31 : cavity 

32: sealing-material layer 

33, 34: cushion layer 
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1. A gas sensor, comprising: 

an outer cylinder; 

a metallic shell joined to said outer cylinder; 
a sensor element disposed inside said metallic 
shell and adapted to detect a component of a 
measurement gas; 

a sealing-material layer mainly made of glass 
and disposed between an outer surface of said 
sensor element and an inner surface of said 
metallic shell or between the outer surface of 
said sensor element and an inner surface of an 
insulator disposed between said metallic shell 
and said sensor element; and 
a cushion layer made of a porous inorganic 
substance and disposed in contact with one 
end surface of said sealing-material layer with 
respect to the axial direction of said sensor ele- 
ment. 

2. A gas sensor according to claim 1. wherein said 
cushion layer is disposed in contact with the end 
surface of said sealing-material layer located on the 
front-end side with respect to the axial direction of 
said sensor element; and 

said cushion layer is formed of a mixture con- 
taining filler particles which are superior in heat 
resistance to glass contained in said sealing- 
material layer, and binder particles which are 
superior in heat resistance to glass contained 
in said sealing-material layer and are lower in 
softening temperature than the filler particles. 

3. A gas sensor according to Claim 2. wherein the 
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5* filler particles are formed mainly of AI2O3, and the 
binder particles are of clay. .... * : 

4. A gas sensor according to Claim 1 , wherein said 
cushion layer is disposed in contact with a front- s 
side end surface of said sealing-material layer with 
respect to the axial direction of said sensor ele- 
ment; and * •. ' - . . r j. - r: -K 

- said cushion layer is formed such that the 10 
diameter at the front-end side is smaller than 
that at the rear-end side of the cushion layer. 

5. A gas sensor according to Claim 1 , wherein said 
cushion layer is disposed on either side of said 75 
sealing-material layer with respect to the axial 
direction of said sensor element such that said 
cushion layer is in contact with a corresponding end 
surface of said sealing-material layer. 
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(54) 



Gas sensor 



(57) To provide a gas sensor featuring lower sus- 
ceptibility of a sensor element to mechanical shock or 
thermal stress induced by different rates of contraction 
between a sealing-material layer and an adjacent com- 
ponent element, as well as excellent durability. 

A gas sensor 1 includes an outer cylinder 18, a 
metallic shell 3, and a sensor element 2. The metallic 
shell 3 is disposed inside the outer cylinder 1 8. The sen- 
sor element 2 is disposed in a through-hole 30 formed in 
the metallic shell 3 and is adapted to detect a compo- 
nent of a gas to be measured. A sealing-material layer 
32 is mainly made of glass and is disposed between the 
outer surface of the sensor element 2 and the inner sur- 
face of the metallic shell 3 or between the outer surface 
of the sensor element 2 and the inner surface of an 
insulator 4 disposed between the metallic shell 3 and 
the sensor element 2. Cushion layer 33 and 34 are each 
made of a porous inorganic substance. At least either " 
the cushion layer 33 or 34 is disposed so as to abut one 
end of the sealing -materiaJ layer 32. 
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